Aim: Little is known about the amount of physical parent-infant closeness in neonatal intensive care units (NICUs), and this study explored that issue in six European countries.
INTRODUCTION
The developing brain of a preterm infant, and its developmental outcome, is affected by their environment. The natural environment for a newborn infant is close to their caregiver, which is ensured by the many biological mechanisms that contribute to the bond and attachment between the mother and her newborn child (1) . The formation of this bond is at risk in preterm infants, and physical separation almost invariably occurs because neonatal intensive care units (NICUs) traditionally limit the presence of parents (2) . However, supporting the parents' presence in the neonatal unit may improve the long-term prognosis of preterm infants (3) .
Skin-to-skin contact (SSC) is one of the first ways for parents to be part of their infants' care and provides physical closeness (4) , and it is feasible and safe, even for very immature infants (5) (6) (7) . SSC has been shown to promote breastfeeding, infant growth and development, infant-parent relationships and parental well-being (8) .
Abbreviations NICU, Neonatal intensive care unit; PICU, Paediatric intensive care unit; SSC, Skin-to-skin contact.
Key notes
Little is known about the amount of physical parentinfant closeness in neonatal intensive care units (NICUs) , and this study explored that issue in six European countries. The parents' presence ranged from a few hours per day to almost 24 hours, and skin-to-skin contact ranged from an average of half an hour to nine hours per day. Allowing parents to stay overnight in NICUs was the most important factor in establishing parent-infant closeness.
However, restrictions on SSC and holding are common in NICUs (9) and contribute to parental stress (10) .
Parents' presence and parent-infant physical closeness, including SSC and holding, are part of evidence-based neonatal care. However, little is known about how well this evidence is implemented in clinical practice. The aim of this study was to find out whether there were any differences in the amount of physical parent-infant closeness between European NICUs, and we examined potential factors that explained the differences. We hypothesised that there would be differences in the amount of parent-infant closeness, as defined by the parents' presence in the unit, SSC and holding their infant.
PATIENTS AND METHODS
The International Closeness Survey was conducted in 11level II-IIIc NICUs in six European countries as a part of research carried out by the Separation and Closeness Experiences in Neonatal Environment (SCENE) Study Group from September 2013 to August 2014. SCENE is a multidisciplinary group of international professionals who are undertaking research to identify, construct, implement and evaluate best practices in supporting physical and emotional parent-infant closeness during neonatal care (https://www.utu.fi/scene).
The units participating in the International Closeness Survey were in Finland (Turku), Estonia (Tallinn and Tartu), Sweden (Danderyd, Huddinge and Uppsala), Norway (Bergen, Drammen and Tromso), Italy (Como) and Spain (Madrid). The study protocol was approved by the boards of ethics of all the participating hospitals or countries.
About the units
The units were different in size, case mix and level of care, as defined by American Academy of Pediatrics (11) ( Table 1 ). The units reported the barriers for SSC. In addition, the overnight facilities for parents who wanted to stay were organised differently. The parents were allowed to stay in all of the neonatal units for 24 hours, except for the two paediatric intensive care units (PICUs) in Estonia. In this study, we defined an opportunity to stay in the unit as the presence of either a single-family room or a 'bed-in-theunit' or most of the families in the unit. A single-family room was defined as a private room for the infant that included at least one bed for a parent in the same room. A 'bed-in-the-unit' was defined as a bed that was available for the parents outside the infant's room, but inside the unit. The main features are described as follows.
In Turku, Finland, the NICU was located in the maternity hospital and provided care until discharge to home. During the study year, the unit only had one family room that was used for an overnight stay before the infant was discharged. The parents had reclining chairs available throughout the stay.
In Uppsala, Sweden, the NICU was located in the maternity hospital. Intensive care was provided in rooms that were divided into four sections, which each included the infant's space and a bed for a parent. When intensive care was not indicated, the infants were cared for in singlefamily rooms where parents were encouraged to stay around the clock.
The NICUs in the Danderyd and Huddinge hospitals in the Stockholm area of Sweden were located in the maternity hospital and provided care until the infants were discharged home. Parents had sleeping facilities that were adjacent to the infants' beds during intensive care. From the point of delivery, mothers and their preterm infants received couplet care, which means they were cared for together (12) . Reclining chairs were available for the parents throughout the stay. When intensive care was not indicated, the infants were cared for in single-family rooms, where the parents were encouraged to stay around the clock.
In Tallinn and Tartu, Estonia, the infants were treated in three separate units. All newborns requiring long-term assisted ventilation or neonatal surgery were transferred from the maternity hospitals to the PICUs. After initial care at the maternity hospital or intensive care, the infant was transferred to the step-down unit, which provided the longest periods of care. The PICUs provided reclining chairs for the parents. At the maternity hospitals and step-down units, the parents had the opportunity to stay overnight, and there were reclining chairs for the parents in the infants' rooms. There were a limited number of single-family rooms for stable infants and a separate room in the unit where the mothers of other infants could stay.
At the Sant'Anna Hospital in Como, Italy, the NICU was located in the maternity hospital and provided care until the infant was discharged home. There were no overnight facilities for parents inside the unit, but there were reclining chairs close to the infant's bed.
In the Hospital Gregorio Maranṍn in Madrid, Spain, the NICU was located in the maternity hospital and provided care until the infants were discharged home. Intensive care and step-down care were provided in separate rooms. There were no facilities for parents to stay overnight inside the unit, but there was one reclining chair and one normal chair provided for the parents of each infant.
The NICUs in Drammen, Bergen and Tromso were located in the maternity hospitals and provided care until the infants were discharged home. Drammen provided single-family rooms for all families, where the parents were encouraged to stay around the clock, Tromso had two single-family rooms, and Bergen did not provide facilities for parents to stay overnight inside the unit.
Parent-infant characteristics
All the parents of preterm infants born below 35 gestational weeks who were admitted were prospectively approached about participation until the predetermined number of 30 families per unit was reached or the recruitment process had lasted one full year. Families were excluded if they did not understand any of the nine study languages: Estonian, English, Finnish, Hungarian, Italian, Norwegian, Russian, Swedish or Spanish. We also excluded mothers who had delivered triplets, or more babies, or if the infant who was admitted was likely to die. Parents were given oral and written information about the study. The data collection started as soon as was appropriate after the signed informed consent was obtained, and by the sixth day of life at the latest. A log was kept of all the eligible families to evaluate the dropout rate. The log included the patient's gestational age, birthweight, length of hospital stay and distance from the hospital to home.
The parents filled in a questionnaire about the infant and parent characteristics. The infant characteristics included gestational age, birthweight, birth head circumference, sex, mode of delivery, any need for incubator care, whether the infant was a singleton or twin and whether they had any siblings. The parental characteristics included their age, education, socio-economic situation and the distance from the hospital to their home (Table S1 ).
Parental closeness diary
Physical closeness data were collected using a parental closeness diary ( Fig. 1 ), which was filled in by the parents.
The diaries were kept in a closed folder next to the infant's bed. The parents were asked to fill in the diaries for two weeks after recruitment. If the infant was still at the hospital at one month of age, the families were asked to fill in an extra week of diaries. Physical closeness was divided into three categories: the amount of time parents were present in the NICU, the duration of SSC and how long the parents spent holding their infant. The presence was defined as parents being inside the neonatal unit. SSC was defined as the baby lying on the parent's bare chest dressed only in a diaper and maybe a cap. Holding was defined as the baby being in the parent's arms, away from the incubator, cot or bed.
Statistical methods
The response variablesduration of presence, holding and SSCare presented as medians or mean values per day for each unit. We first calculated the mean value for each infant using the first two weeks of diaries and then the mean value of each unit using the mean values of the infants. This strategy was chosen to give every infant the same weight in the final analysis, regardless of the number of days with diary entries during the first two weeks. When we compared Figure 1 Parental closeness diary. One page corresponded to 24 hours with six timelines: mother present, mother skin-to-skin contact (SSC), mother holding, father present, father SSC and father holding. the units, the mean values of the two infants were used for twin pairs.
The background variables included a number of infant characteristics: gestational age, birthweight, birth length, birth head circumference, sex, singleton versus twin, mode of delivery and duration of care in an incubator. They also included a number of parental characteristics: the mother's and father's age, language, education and socio-economic status, whether they had one or more children living at home, whether one or more of the mother's or father's previous children had been admitted to the NICU, if the family owned a car and whether the parents lived together or not (Table S1 ) Because of the large number of explanatory variables, only background variables with a univariate connection of p < 0.10 were included in the multifactorial analyses. The excluded factors were the infant's sex, whether the family owned a car and whether a previous child of the mother or father had been admitted to a NICU.
A paired sample t-test was used to compare the units with the opportunity to stay overnight to the other units. A logistic regression analysis was used to study the associations between the parents' presence, holding the infant, SSC and background variables controlling for the unit. Univariate associations between continuous background variables and the neonatal units were studied using linear models. Binary background variables were compared between the neonatal units using logistic regression, and ordinal background variables were compared between the neonatal units using cumulative logit models. Generalised linear models with negative binomial distribution and log link were used to study the association between the response variables, namely the parents' presence, holding the infant and SSC, and predictor variables of the unit and background factors. A paired sample t-test was used to compare the duration of the parental presence, holding and SSC at two time points. Statistical analyses were carried out using SAS for Windows version 9.4 (SAS Institute Inc., Cary, NC, USA). p-Values below 0.05 were considered statistically significant.
RESULTS
The parents of 328 infants were recruited (Fig. 2) , and they included 103 twins, as one twin died. The families who were not approached did not differ in gestational age or in travelling time from home to hospital, but a higher birthweight increased the possibility of not being recruited in the study, with a odds ratio (OR) of 1.05 (p = 0.02). There were no differences in the background factors of the families who agreed and declined to participate.
Parent-infant closeness data are presented from the infant's perspective, namely how much either mother or father was present and how much they engaged in SSC or held the infant during the first two weeks of life (Table 2 ). There were wide variations between the units with regard to the parents' median and minimum and maximum presence: the longest duration was a median of 22.3 (18.7-24.0) hours per day in Huddinge, Sweden, and the shortest duration was 3.3 (0.7-6.7) hours in Como, Italy (p < 0.001). The six units that provided parents with the opportunity to stay overnight recorded a longer duration for the parents' presence than the other units, with a mean of 19.7 hours and a standard deviation (SD) of 5.3 versus 5.5 hours and an SD of 2.6 hours (p < 0.001) (Fig. 3A ). There were also wide variations among the units in terms of SSC: the longest duration was a median of 6.6 (2.2-19.5) hours per day in Uppsala, Sweden, and the shortest was 0.3 (0-1.4) hours per day in Tartu, Estonia (p < 0.001 hours). The duration of SSC in the six units that offered parents the opportunity to stay overnight was a mean 4.00 hours (SD 4.51) compared to 1.74 hours (SD 1.54) in the other units (p < 0.001) (Fig. 3C) . The amount of time that parents spent holding the infant ranged from a median of 3.2 (0-14.3) hours per day in Drammen, Norway, to 0 (0-1.0) hours in Uppsala, Sweden (p < 0.001). The duration of holding in the six units that provided parents with an opportunity to stay overnight was a mean of 1.81 hours (SD 2.08) compared to 1.49 hours (SD 1.84) in the other units (p = 0.15) ( Fig. 3B) .
In six units, the parents were present most of the night between 10 p.m. and 7 a.m. (Fig. 4A) , and in five of those, the median duration of the parents' presence was more than seven hours during that nine-hour period. Night-time SSC was often only provided in two units: the median duration of night-time SSC was 1.8 hours in Danderyd, Sweden, and 0.9 hours in Uppsala, Sweden. The Uppsala data showed that some families provided SSC throughout the night (Fig. 4C ). Night-time holding was rare in all of the units (Fig. 4B) .
The fathers' contribution to the total parental presence varied between the units from 12% to 46% (p < 0.001) and accounted for 14-43% of the time the infants were held (p = 0.11) and 10-37% of the SSC (p < 0.001). The fathers with the highest proportion of the parental presence were in the Swedish units.
In multivariate analyses, the parents' presence, holding and SSC during the first two weeks of life varied between the neonatal units. There were associations between mothers who were younger and those who had a higher level of education and spending more time in the NICU. Parents who lived together also spent more time in the units than those who did not. The mother having a higher level of education was also associated with more time providing SSC. In addition, being singleton increased the time for SSC, with a median of 2.3 (0-19.5) hours for singletons and median of 1.2 (0-8.4) hours for twins (p < 0.001). However, the time spent holding the infant or infants was not different in singletons versus twins, with a median of 0.9 (0-10) and 0.9 (0-6.8) hours, respectively (p = not significant). Higher gestational age at birth was associated with a higher amount of holding. Having other children or the distance from the family home to the hospital did not explain any differences in presence, holding or SSC ( Table 3) .
The data provided us with an opportunity to analyse time trends for the 81 patients who stayed in the NICUs for longer than 30 days. On average, the parental presence and holding increased to a mean of 77 minutes (SD 307 minutes, p = 0.03) and a mean of 115 minutes (SD 134 minutes, p < 0.001), respectively, and the duration of SSC decreased to a mean of 34 minutes (SD 130 minutes, p = 0.02).
DISCUSSION
There were significant differences between the European countries and between the units within the countries, in all the measured aspects of physical parent-infant closeness: presence, holding and SSC. More parent-infant closeness was found in units that provided parents with the opportunity to stay with their infant overnight.
The units that provided opportunities for overnight stays for at least one parent had a significantly higher parental presence in this study. In several NICUs and countries, some infants had a parental presence 24 hours per day, which has always been the aim of the single-family room NICU design (13) . In contrast to other studies, neither the distance from home to the hospital nor the presence of other children at home explained the differences in parental presence (14, 15) . Interestingly, younger mothers spent more time in the unit than older mothers in this study, in contrast to earlier findings (16) . The shortest daily presence of parents was around three to four hours, which is in agreement with earlier prospective studies (14, 17) . However, the results are not directly comparable because only (19) . In the present study, the amount of daily SSC was over eight hours in two units that both provided a 'bed-in-a-unit' set-up and below one hour in two other units, one that provided a 'bed-in-a-unit' set-up and one that did not. This finding suggests that providing a bed for a parent is necessary for prolonged SSC, but that this is not sufficient on its own and an appropriate culture of care is also required. Some parents had SSC with their infant for 19 hours a day on average, which can be considered Kangaroo mother care, as defined by the World Health Organization (20) . The parents with the highest education seemed to provide more SSC. Having a single-family room has been shown to increase parents' presence, satisfaction and privacy (3, (21) (22) (23) . This is in line with the present findings that parents are more likely to be present and provide more SSC when there is a 'bed-ina-unit' or single-family room. Lester et al. (3) showed that single-family room units were associated with earlier enteral feeding, better infant growth, fewer infections, fewer medical procedures and less pain than open bay units. The effects on an infant's attention, stress, pain, weight gain and medical procedures for fever were mediated by their mother's presence and developmental support from an occupational therapist (3) . In addition, the infants were in a more balanced neurobehavioral state at discharge when they were cared for in a single-family room. This European survey identified five different architectural models that supported the parents' presence in the NICUs, ranging from a separate room providing accommodation for a mother inside the NICU to an integrated room for both parents and the infant. The units were classified as 'bed-in-a-unit' and single-family room units if most parents were provided with the opportunity to stay overnight in the unit from the start of the infant's hospital care. Because of the variations in the single-family rooms that were provided, it is important to describe the type of architectural model in each study. Flacking and Dykes reported in their ethnographic study that having a bed or chair for the parents emphasised their importance and expectations as parents. However, having a room made the parents feel more at home in the hospital (23) .
Skin-to-skin contact decreased during the first month of the infant's life and seemed to be replaced by holding. There has limited research about holding or cuddling a clothed infant during neonatal hospitalisation. In this study, holding and SSC were treated as two distinct types of physical closeness. Holding is important to the parents and improves cortisol coregulation between the mother and the infant (24) , but SSC provides a larger range of benefits (25) . The fact that holding increased in relation to the infant's age was consistent with earlier studies (17) , and this may indicate that the type of parent-infant interaction changed based on the infant's development. As gestational age increases, preterm infants develop a capacity to maintain eye contact and use it in interaction situations. In addition to increased holding, the parents' presence increased as the infant got older. Earlier studies have reported that parents' presence (17) and visits (26, 27) reduced as the infant got older. This may suggest differences in the cultures and practices of the European units regarding parental support than older studies or different societies.
This study was carried out prospectively using diary data derived directly from the parents. Thernstr€ om-Blomqvist reported that reports of SSC by parents and staff were reliable (19) . If there was a bias in the parental reporting, it is probably because the parents forgot to report some episodes of presence, SSC or holding, and therefore, the amounts were underreported rather than overreported. Earlier studies have usually described the parents' presence or SSC from data recorded by staff or patient charts (9, 14, 17) . The rate of participation in this study was high, even in this vulnerable patient population, which shows how acceptable the diary method was. The diary data also made it possible to analyse the duration of presence and physical closeness, whereas most of the earlier studies only reported the number of visits (26, 28) or episodes of SSC (18, 27) .
The present study included 11 European NICUs from six wealthy countries in Northern and Southern Europe with reasonable social benefits. The length of maternity leave, with maternity pay, varied between four and 18 months and paternity leave varied between 0 and 60 days. Four countries -Estonia, Finland, Norway and Swedenprovided for seven months to 18 months of additional parental leave that could be taken by either the mother or the father. In addition, three countries -Finland, Norway and Swedenprovided different paternity pay for fathers to cover the days when the infant was in a hospital. These benefits supported the parent-infant closeness of hospitalised infants, but large differences were found, even within countries. Therefore, unit-specific factors explained the differences within the countries, as the social benefits were similar.
It is clear that the units differed from each other in many respects, and these differences were evaluated using simple questions. We acknowledge that these questions did not cover all of the features of the units. We described variations in the care cultures of these units in previous publications (29, 30) . In this study, the care culture was approached from the perspective of parent-infant closeness and one major factor that affected this was identified: the opportunity for at least one parent to stay in the unit overnight. We cannot know how much this 'bed-in-a-unit' was a proxy for a different care culture, namely whether those units that provided physical facilities for parents had also developed a family-centred care culture. It is unlikely that units that are not interested in the development of their family-centred care take part in research to map out the differences in parent-infant closeness. More studies are needed to understand what underlies and explains the differences between care cultures. The diary measure proved to be a feasible method and could be used in many settings to evaluate the effects of various architectural and care culture interventions on parentinfant closeness. A validation process of the parental closeness diary is ongoing in a larger population. Observational studies would also be valuable as they would deepen our understanding of how the design of NICUs can be used to remodel the culture of care.
CONCLUSION
This prospective study evaluated physical parent-infant closeness in a European multicentre setting of 11 NICUs in six countries. There was a higher level of parental presence in the units that provided facilities for the parents to stay overnight, and younger mothers, in particular, took advantage of the opportunity to stay close to their infants. These results highlight the significance of a 'bed-in-a-unit' design for parent-infant closeness in NICUs.
